stenosis, myocardial infarction, or ischemic heart disease, and even sudden death, and require long-term follow-up and anticoagulant and antiplatelettherapy. [6, 7] Prevention of CALs is, therefore, a priority.
Since 1995, we have organized a dataset of children with KD at our hospital, which is one of the largest tertiary children medical centers in China. We noticed that the number of CAA cases gradually increased with the increase of KD cases, and many children with CAAs who were referred to us had received corticosteroid therapy before the onset of the CAAs. Therefore, we supposed that corticosteroid therapy might be associated with the increase in the number of children with CAAs. Thus, we conducted this study to evaluate the relation between corticosteroid therapy and CAAs.
Methods
In this retrospective study, we reviewed the medical records of all children with KD who had been admitted to our hospital from January 2005 to December 2014. The study was approved by the institutional ethics committee of our hospital. Information concerning the epidemiological characteristics, clinical manifestations, laboratory and echocardiographic findings, and treatment and outcome of each patient was obtained. The relation between the following factors and CALs was analyzed using univariate and multivariable logistic regression analyses: Age, sex, incomplete KD, total fever duration, days of illness at the initial treatment, corticosteroid therapy, IVIG treatment resistance, white blood cell count (WBC), C-reactive protein (CRP), platelet count (PLT), sodium, and albumin. The selection of the cutoffs of the variables was based on the more generally accepted cutoffs reported in the literature.
KD and incomplete KD were diagnosed according to the criteria published by the American Heart Association in 2004. [6] Fever was defined as a body temperature of ≥38°C. Corticosteroid therapy was defined as intravenous methylprednisolone (2 mg·kg −1 ·d −1 ) or oral prednisone (2 mg·kg
). IVIG treatment resistance was defined as a fever of ≥38.0°C at 36 h to 7 days after the completion of IVIG infusion without another likely source. [8] The Z-scores were calculated as the body surface area (BSA)-adjusted mean coronary internal diameters established by de Zorzi et al. [9] with the following equation: Z-score = (observed diameter − mean normal diameter)/(standard deviation of the normal diameter). The mean normal diameter and standard deviation of the left main coronary, left anterior descending, and right coronary arteries were 1.688 + 0.995 BSA, 0.420; 1.186 + 0.820 BSA, 0.356; and 1.503 + 0.499 BSA, 0.398, respectively. CALs were defined as Z-scores of the left main coronary, left anterior descending, or right coronary arteries >2.5. Coronary artery dilations were defined as a Z-score >2.5 and a coronary internal diameter ≤4 mm; CAAs were classified as small CAAs (internal diameter >4 mm and <5 mm), medium CAAs (5-8 mm internal diameter), or giant CAAs (>8 mm internal diameter). [6] The time to evaluate CALs was 1 month after the KD onset. If an echocardiography was performed two or more times within 1 month, the maximum value of the coronary internal diameter was chosen for analysis.
The data were analyzed using the SPSS statistical software version 19.0 (SPSS Inc., Chicago, IL, USA). Data were presented as either mean ± standard deviation (SD) for quantitative variables or as percentages for qualitative variables. Qualitative variables were compared using the Chi-square test. We determined the significant variables using univariate and multivariable logistic regression analysis. Results were expressed as odds ratios (ORs) with 95% confidence intervals (CIs). In all analyses, a value of P < 0.05 was considered statistically significant.
results
In total, 2467 children were enrolled in this study. One hundred thirty-six cases were excluded because of multiple admissions (not including relapse) or incomplete data of coronary internal diameters and 2331 cases were analyzed using SPSS. Of the 2331 cases, there were 1517 boys and 814 girls, with a male to female ratio of 1 Among the 523 IVIG-resistant children, 484 did not receive corticosteroid therapy. The incidence of CALs in the noncorticosteroid-treated group was 40.7% (197 of 484), including 142 coronary artery dilations, 26 small CAAs, 21 medium CAAs, and 8 giant CAAs. In the 523 IVIG-resistant children, the incidence of CALs and CAAs in the corticosteroid group was significantly higher than that in the noncorticosteroid group (CALs: χ 2 = 4.944, P = 0.026; CAAs: χ 2 = 5.512, P = 0.019). Table 1 shows the assignment of each observed indicator. The laboratory parameters of WBC, CRP, PLT, sodium, and albumin were obtained before IVIG. Table 2 shows the statistical results of the risk factors for coronary artery dilatations from univariate logistic regression analysis.
The results indicated that male, age ≤1 year, incomplete KD, longer fever duration, prolonged days of illness at the initial treatment, and CRP >100 mg/L were associated with coronary artery dilatations. When these six factors were subjected to multivariable logistic regression analysis [ Table 4 ]. In addition, male, incomplete KD, longer fever duration, prolonged days of illness at the initial treatment, corticosteroid therapy, and albumin <35 g/L were associated with giant CAAs [ 
dIscussIon
CALs are the main complications in children with KD, and the prediction of CALs is, therefore, the focus of this research. Several prediction systems have been developed to identify children at risk for CALs. Harada [10] developed a risk score to determine the risk of CAAs in children with KD. The risk factors included WBC >12,000/mm 3 , PLT <350,000/mm 3 , CRP >3+, hematocrit <35%, albumin <35 g/L, age ≤12 months, and male. In 2006, Kobayashi et al. [11] constructed a predictive system for the development of CAAs. The risk factors for CAAs included age ≤12 months, neutrophil ≥80%, CRP >100 mg/L, PLT <300,000/mm
sodium ≤133 mmol/L, aspartate transaminase ≥100 IU/L, and days of illness at the initial treatment ≤4. Another study showed that incomplete KD, IVIG treatment resistance, and longer fever duration were associated with CALs. [12] In our study, CALs were found to have possible associations with male, incomplete KD, longer fever duration, prolonged days of illness at the initial treatment, albumin <35 g/L, sodium ≤133 mmol/L, CRP >100 mg/L, and corticosteroid therapy.
Although corticosteroid therapy is the treatment of choice for other types of vasculitis, the use of corticosteroids is still controversial in children with KD. In 1979, Kato et al. [13] used prednisolone for the initial treatment of children with KD. One or 2 months later, coronary angiography demonstrated CAAs in 64.7% of children treated with prednisolone and 11% of those treated with aspirin. The findings suggested that steroids might act adversely to cause a progression of CALs. In 2003, Sundel et al. [14] reported a prospective study that showed that children who received steroids (30 mg/kg intravenous methylprednisolone) in the initial treatment of KD had shorter fever duration and shorter hospital stay, as well as lower erythrocyte sedimentation rate and CRP level.
No differences were recorded for the coronary outcomes between the treatment groups. In 2004, the American Heart Association criteria [6] showed that studies of corticosteroids in the initial therapy for KD, as well as in the treatment for nonresponders after the initial IVIG, have shown that corticosteroids reduce fever. The effects of corticosteroids on CALs are still uncertain. In addition, they recommended that corticosteroid therapy is restricted to children in whom two or more infusions of IVIG have been ineffective in alleviating fever and acute inflammation. Newburger et al. [15] reported a prospective study that showed that compared with children receiving placebo, children receiving intravenous methylprednisolone for the initial therapy had a shorter initial period of hospitalization, lower erythrocyte sedimentation rate, and lower CRP level but a similar incidence of CALs. Miura et al. [16, 17] revealed that intravenous methylprednisolone therapy for KD children who were unresponsive to the initial IVIG suppressed cytokine levels faster and suppressed the recurrence of fever. Ogata et al. [18] reported that methylprednisolone therapy (30 mg·kg for 3 days) was useful in reducing the fever duration and medical costs for KD children who were unresponsive to the initial IVIG treatment. Methylprednisolone therapy and additional IVIG treatment were not significantly different in preventing the development of CAAs. In a retrospective study of 359 children with KD who were unresponsive to the initial IVIG, Kobayashi et al. [19] noted that CALs up to 1 month after treatment were less common in the IVIG + prednisolone group than in the IVIG group (P = 0.005) and the prednisolone group (P = 0.01). IVIG + prednisolone may be superior to prednisolone or IVIG as a first-line rescue therapy for children with KD who were unresponsive to IVIG. Teraguchi et al. [20] showed that the changes in WBC, CRP, and albumin were significantly greater in Group A (receiving methylprednisolone pulse therapy) than in Group B (receiving the second IVIG) for IVIG nonresponders. However, the prevalence of CALs did not differ between the groups (36% in Group A and 26% in Group B, P > 0.05). Methylprednisolone pulse therapy did not reduce the risk for the development of CALs and did not seem to be beneficial as a single-agent therapy for IVIG-resistant KD. Millar et al. [21] reviewed the experience of 80 children with CAAs after KD, among whom 19 children received corticosteroids in the acute phase. The corticosteroid-treated group and noncorticosteroid-treated group had similar CAA Z-scores at baseline (P > 0.05); however, 2-3 months and 1 year after the acute phase, the CAA Z-scores decreased in children not only treated with corticosteroids but also progressed for those treated with corticosteroids. Their study showed that use of corticosteroids for children with KD may aggravate CALs and cause impaired vascular remodeling.
At present, the relation between corticosteroid therapy and CALs in children with KD has not yet been clarified. Most studies showed that corticosteroid therapy cannot reduce the incidence of CALs. The present study was a retrospective study with a large sample. We found that corticosteroid therapy was an independent risk factor for the development of CAAs, especially giant CAAs, by analyzing 12 factors that might be associated with CALs in children with KD. The children who received corticosteroids were nonresponders to IVIG and had more severe disease, which increases their risk for CALs; thus, we put some potentially confounding variables that may reflect the group who received corticosteroids into the statistical model (such as total fever duration and IVIG treatment resistance). After adjusting for these confounding variables, corticosteroid therapy was still an independent risk factor for CAAs, especially giant CAAs. In the 523 IVIG-resistant children, the incidence of CALs and CAAs in the corticosteroid group was significantly higher than in the noncorticosteroid group (P < 0.05).
Currently, the first dose of IVIG is well-established whereas corticosteroid or additional IVIG for IVIG-resistant children requires further investigation. The safety and efficacy of corticosteroid therapy in children with KD are still uncertain. [22] Thus, larger, prospective, multicenter controlled trials are needed.
The incidence of CALs in our study was higher than that reported in the literature. This may be because many children with severe KD or those with unsuccessful treatment from other hospitals were referred to our hospital. In addition, the diagnosis standard of CALs established by the Japanese Ministry of Health was not based on the patients' age or body size and also did not distinguish between different coronary artery branches, thus resulting in possible missed diagnoses of CALs.
This study had some limitations. First, bias may have occurred because of the retrospective design. Second, measurement of the coronary internal diameter by means of echocardiography was not done by the same ultrasound technologists, and this may have affected the accuracy of the results.
